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Gould Belt members in X-ray RAVE: Cross-matching
RAVE stars with 3XMM point sources
B. Cos¸kunog˘lu 1 • O. Plevne 2 • M. T. O¨zkan 1,3
Abstract In this paper the results of matching the
RAdial Velocity Experiment (RAVE), a spectroscopic
Southern hemisphere survey (9 < IDENIS < 12),
and XMM-Newton Serendipitous Source Catalogue
(3XMM) are presented. The latest data releases of
RAVE and XMM were matched and a X-ray RAVE
catalogue of 1071 stars was obtained. Then the cata-
logue was checked for possible Gould Belt (GB) mem-
bers. We obtained a subsample of 10 stars that meet
the GB membership criteria. This subsample and GB
member candidates were tested photometrically and
kinematically. Among the members there are two BY
Dra type variables, an NGC2451 open cluster member,
a high proper motion star. The rest are regular main
sequence stars. The members have very low velocity
dispersions which lead us to think that the members
belong in a single structure. We also found out that a
kinematical GB membership test might be possible to
derive given a large enough GB member sample as they
fit in a narrow interval in space velocity diagrams.
1 Introduction
Herschel (1847) observed that a fraction of bright stars
in the southern hemisphere of the sky to be a part of a
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structure other than Milky Way with a tilt of ≈ 20◦ to
the Galactic equator. 32 years later Gould (1879) also
observed it and determined its poles’ and nodes’ Galac-
tic coordinates. Therefore, this structure is named after
him, namely the Gould Belt (hereafter GB). The GB
is relatively flat: its length, width and height semiaxes
are 350, 250 and 50 pc, respectively. Its ascending node
is at l=285◦ and the Sun is 200 pc off the center in the
l=130◦ direction (Guillout et al. 1998). The GB con-
sists of X-ray active young stars with distances up to
600 pc (Olano 1982; Fresneau et al. 1996; Poppel 1997;
Guillout et al. 1998). The age interval varies greatly
in the literature: most authors state that it is be-
tween 20-30 and 70-80 Myr (Ogorodnikov 1965; Olano
1982; Poppel 1997; Guillout et al. 1998; Bekki 2009),
however, Frogel & Stothers (1977)’s review suggests a
wider interval: 30-220 Myr. Using Stro¨mgren photom-
etry Torra et al. (2000) determined stars with ages ¡ 90
Myr belong in the GB. Bobylev (2014) wrote an exten-
sive review regarding the GB, summarizing past stud-
ies about GB’s formation, structure, age, kinematics,
mass. The GB is important because it is the closest
star-gas complex to the Sun. These complexes are re-
gions where star formation is active and they are ob-
served in Milky Way (Efremov 1998), as well as other
galaxies (Efremov & Elmegreen 1998).
The GB is not defined very precisely. There are
several criteria that are used to define GB member-
ship, which will be discussed in detail in Chapter 2.
This causes controversial opinions to form about its
formation. Bobylev (2014) states that the GB is a
separate structure from the Milky Way, whereas Bekki
(2009) says that a dark matter clump collided with a
gas cloud to trigger GB’s formation. Comero´n (2001)
observed a GB-like structure in M83 which is approxi-
mately the same size with the GB, is separate from the
spiral structure of the galaxy, lies at a similar distance
from the galactic center and has the same order of age
2(log age/yr=7). This means GB-like structures are not
unique to our Galaxy and, at the very least, can exist
in other spiral galaxies as well. Therefore, analysing
and better defining the GB can help us understand the
evolution of other galaxies. The aim of study is to de-
termine GB members and their properties that are in
both RAVE and 3XMM catalogues and to contribute
towards defining the GB better.
Having spectral information about stars in multiple
regions of the electromagnetic spectrum is useful for
many purposes in astronomy. We have cross-matched
the RAdial Velocity Experiment (RAVE)’s catalogue
with XMM-Newton Serendipitous Source Catalogue
(3XMM) in order to obtain both infrared and X-ray
data of the stars in common in the surveys in ques-
tion. The resulting X-ray RAVE (XRAVE) catalogue
was used to determine GB members. For the purposes
of this study XMM-Newton data provides the X-ray
luminosity of the stars, whereas the RAVE data pro-
vides the radial velocities, atmospheric parameters and
distances of the stars in the matched catalogue. How-
ever, since the distances provided in RAVE have rel-
atively large errors, the accurate distances of GAIA
DR2, which includes almost all RAVE stars, were used
(Gaia Collaboration et al. 2018). The atmospheric pa-
rameters of RAVE were utilised in determining ages
using the method of Jørgensen & Lindegren (2005).
The data and method are presented in Section 2, the
properties of GB members are given in Section 3 and
the conclusion and summary are in Section 4.
2 Data & Method
2.1 Data
A part of the data used in creating the catalogue was
taken from RAVE, which is a spectroscopic stellar sur-
vey based in the Southern hemisphere. RAVE’s general
aim is to make use of the Sun’s position in the Galaxy
and study its formation and evolution. As one can de-
duce from its name RAVE specializes in determining
stellar radial velocities for stars in the thin and thick
disks and halo. Its observations are performed with
a 1.2 m Schmidt telescope in Anglo-Australian Obser-
vatory. Radial velocities are calculated using medium
resolution spectra (R = 7500) in the Ca-triplet region
(8400-8750 A˚) (Steinmetz et al. 2006). Combining ra-
dial velocity with proper motion and distance one can
obtain the kinematic components of a star. In the study
we used RAVE’s most recent data release, i.e. RAVE
Data Release 5 (RAVE DR 5) (Kunder et al. 2017).
RAVE DR5 has 520781 spectra of 457588 unique stars
Kunder et al. (2017) and their radial velocities, atmo-
spheric parameters, distances along with other param-
eters.
Another part of the data used in the study was taken
from European Space Agency’s XMM-Newton satel-
lite’s Serendipitous Source Catalogue’s Data Release
8 (3XMM DR8) (Rosen et al. 2016). XMM-Newton
was launched in 1999. It has three X-ray telescopes,
an X-ray detector with three CCDs, an optical moni-
tor and two reflection grating spectrometers on board.
Each telescope has 58 cylindrical, nested Wolter Type-
1 mirrors which are 600 mm in length and 306 to 700
mm in diameter. European Photon Imaging Camera
(EPIC), i.e. the X-ray detector has two Metal Ox-
ide Semi-conductor (MOS) cameras and a p-n junc-
tion (PN) camera. The Optical Monitor (OM) helps
XMM-Newton perform multi-wavelength observations
simultaneously: in X-rays and optical and ultraviolet
regions of the electromagnetic spectrum. 3XMM DR8
has 775153 detections of 531454 unique sources and pro-
vides X-ray fluxes in nine different bands as well as
other parameters.
We also used GAIA DR2 so that we could have
higher astrometric accuracy. Launched in 2013, GAIA
is the successor of RAVE and will observe stars brighter
than 20m. It aims to create the most accurate map
of Milky Way. GAIA provides precise astrometric
data, up to a few micro arc seconds of accuracy
(Gaia Collaboration et al. 2016).
Upon cross-matching the catalogues of both data re-
leases and removing duplicates by keeping the highest
signal-to-noise ratio observations and discarding oth-
ers an XRAVE subsample of 1071 unique stars was
obtained. Stars in RAVE DR5 and 3XMM DR8 cat-
alogues were matched using the angular separation for-
mula for equatorial coordinates (Eq. 1):
θ = cos−1[sin(δ1)sin(δ2)+ cos(δ1)cos(δ2)cos(α1−α2)],
(1)
where δ1 and δ2 are the declination of RAVE and
XMM stars and α1 and α2 are the right ascension
of RAVE and XMM stars, respectively. We accepted
matches that yielded an angular separation of ≤ 1”
because of the high astrometic accuracy of RAVE
(Kunder et al. 2017) and the increased astrometric ac-
curacy of 3XMM (Rosen et al. 2016). We checked our
resulting catalogue using Vizier (1)’s X-match tool and
obtained the same sample.
1http://vizier.u-strasbg.fr/viz-bin/VizieR
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Fig. 1 92 XRAVE Stage 1 GB member candidates. Blue dots represent the candidates, gray dots represent XRAVE stars
outside the GB region, the red solid line is the Galactic latitude obtained from Eq. 2, whereas the dashed red lines represent
the thickness of the GB, i.e. GB’s upper and lower edges.
2.2 Identification of GB members
In order for a star to be a GB member it has to meet
certain criteria for Galactic coordinates, distance, X-
ray luminosity and age. These criteria are as follows:
• Galactic coordinates should fulfill Eq. 2,
• Distances should be less than 600 pc,
• X-ray luminosities in 0.2-12 keV energy band should
be between 1028 and 1031 erg s−1,
• Ages should be between 10 and 100 Myr.
In order to identify the stars that meet the first crite-
rion we used the GB description given by Guillout et al.
(1998) and shown in their Fig. 4. Their description can
be best represented with a fourth degree polynomial
that associates Galactic latitude with Galactic longi-
tude (Eq. 2).
b = 5.50× 10−8 × l4 − 8.19× 10−5 × l3
+4.25× 10−2 × l2 − 8.96× l + 634, (2)
where l and b are Galactic longitude and latitude,
respectively. A fourth degree polynomial was used be-
cause it most accurately describes GB’s position in
Galactic coordinates. Higher degree polynomials yield
almost the same amount of stars with very insignificant
coefficients in the order of 10−10, which have no physi-
cal meaning, whereas lower degrees distort and flatten
the shape of GB. Considering the GB has a thickness
of ≈ 20◦ (Comero´n & Torra 1994) in latitude, we ac-
cepted stars within ± 10◦ of the latitude provided by
Eq. 2 for the longitude in question. The GB we ob-
tained from Eq. 2 is given in Fig. 1. 92 out of 1071
XRAVE stars fall within the dashed red lines in Fig. 1,
i.e. they are within the GB sky area. We refer to these
stars as Stage 1 GB candidates, since they passed one
criterion out of four.
After sorting out Galactic positions of GB candi-
dates, we moved on to distances. Since the distances
given in RAVE DR5 have average relative errors of
greater than 40 per cent, we used GAIA DR2’s paral-
laxes. The average relative error of parallaxes in GAIA
is ≈ 5 per cent. Therefore, we adopted GAIA paral-
laxes in order to determine distances and X-ray lumi-
nosities using those distances. One star in XRAVE had
no match in GAIA, therefore it was excluded, reduc-
ing our Stage 1 subsample to 91 stars. After removing
three stars with zero parallax and 32 stars with dis-
tances larger than 600 pc we ended up with 56 Stage 2
XRAVE stars that meet both the position and distance
criteria for GB membership (Fig. 2).
In the next step we determined X-ray luminosi-
ties of our Stage 2 candidates. Guillout et al. (1998);
Stelzer & Neuha¨user (2000) stated that LX shows a
broad distribution between 1028 and 1031 erg.s−1 for
young stars which is the interval we adopted for our
GB candidates. After calculating the distances and
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Fig. 2 Distance histogram of 91 Stage 1 GB candidates.
The red dashed line represents the distance limit for GB,
namely 600 pc. The stars in green histograms, whose dis-
tances are below the limit, i.e. stars that remain to the left
of the dashed line are the Stage 2 candidates, stars to the
right of the dashed line in blue histograms remain as Stage
1 candidates.
using them to compute luminosities along with the
fluxes from the 0.2-12 keV band. The 0.2-12 keV band,
which is the widest energy band in XMM catalogue,
was adopted in order to obtain matches from all types
of stars. The luminosities were computed as follows:
LX = 4pid
2F0.2−12, (3)
where d is the distance, F0.2−12 is the X-ray flux of
the star in the 0.2-12 keV energy band. Afterwards,
we looked for the stars with X-ray luminosities in the
1028 and 1031 erg.s−1 interval (Guillout et al. 1998).
We obtained a sample of 49 Stage 3 stars meeting all
three criteria, i.e. Galactic position, distance and X-
ray luminosity. The X-ray luminosity distribution of
56 Stage 2 candidates are shown in Fig. 3.
2.3 Calculating ages of GB stars
The last step towards determining GB members is cal-
culating ages. Since neither RAVE and XMM catalogue
nor GAIA provide ages we used the Bayesian method of
Jørgensen & Lindegren (2005) in order to derive ages.
This method includes probability density functions
(PDF) that are obtained from theoretical model param-
eters and observational parameters (Pont & Eyer 2004;
Jørgensen & Lindegren 2005). Pont & Eyer (2004)
stated that the Solar neighborhood mass, age and
metallicity prior distributions are assumed to be in-
dependent from each other, hence they are taken into
account separately. Jørgensen & Lindegren (2005) as-
sumed that observational parameter errors are inde-
pendent and that they show a normal distribution. Ac-
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Fig. 3 X-ray luminosity distribution of 56 Stage 2 GB can-
didates. The dashed red line to the left and right represent
X-ray luminosities of 1028 and 1031 erg.s−1, respectively.
The stars in purple histograms that are between the lines
are the 49 Stage 3 candidates, the stars in green histograms
remain as Stage 2 candidates.
cording to these assumptions the likelihood function is
defined as:
L(τ, ζ,m) =
n∏
i=1
1√
2piσi
exp [−χ2/2]. (4)
χ2 is given as
χ2 =
n∑
i=1
(
qobsi − qi(τ, ζ,m)
σi
)
, (5)
where q represents the model atmospheric param-
eters taken from RAVE DR5, i.e. Teff , log g and
[Fe/H ], whereas τ , ζ and m are the theoretical model
parameters which represent age, metallicity, and mass,
respectively. n is the number of objects and σ represent
parameter errors. Then, the final PDF is obtained by
applying a Bayesian correction given below:
f(τ, ζ,m) ∝ f0(τ, ζ,m)× L(τ, ζ,m) (6)
where f0 is the initial pdf and it is given as
f0 = ψ(τ)ϕ(ζ|τ)ξ(m|ζ, τ). (7)
In this equation ψ(τ), ϕ(ζ) and ξ(m) are the star for-
mation rate (SFR), the metallicity distribution (MDF)
and the initial mass function (IMF), respectively. SFR
and MDF are assumed to be constant since τ , ζ and
m are independent from each other. However, since
there are more low mass stars than high mass stars
in the Galaxy, the IMF is expressed as a power law
5(Jørgensen & Lindegren 2005). We then inserted Eq.
(7) into Eq. (6) and integrated the resulting equation
and obtained the G(τ) function (Eq. 8) which shows
the PDF calculated from a comparison between obser-
vational and theoretical parameters.
G(τ) ∝
∫ ∫
L(τ, ζ,m)ξ(m)dmdζ (8)
We integrated Eq. 8 over mass and metallicity for
each age on isochrones. Taking into account the max-
imum value of the G function we determined the age
for the star in question. Due to the complex and non-
Gaussian nature of Bayesian age estimation method,
overall uncertainties on estimated star ages vary be-
tween 20 per cent and 50 per cent.
We applied this method to Stage 3 candidates us-
ing the PARSEC (Bressan et al. 2012) stellar evolu-
tion models. Since GB members are young stars
with ages between 30 and 80 Myr (Fresneau et al.
1996; Guillout et al. 1998), we adopted 10 Myr to be
the lower limit to eliminate Classical T Tauri Stars
(Bobylev 2014) and 100 Myr (Wichmann et al. 2003)
to be the upper limit for this study to make up for er-
rors. The age distribution of XRAVE is shown in Fig.
4.
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Fig. 4 Age distribution of 49 Stage 3 GB candidates. The
dashed red line to the left represents 10 Myr, whereas the
one to the right stands for 100 Myr, which are the adopted
lower and upper limits for GB members for this study, re-
spectively. 10 stars between the lines that are in the red his-
tograms are the members, and the ones in purple histograms
that are not between the lines remain Stage 3 candidates.
As seen from the figure, there are 10 GB members.
There is also a star with age 3 Myr that did not meet
the lower limit of GB membership criterion even within
error bars. After checking the literature for this star
we have found that it is an Algol type eclipsing binary
(Avvakumova et al. 2013), which means it would throw
off RAVE measurements yielding such an unpredictable
and possibly incorrect age. This star’s age was calcu-
lated as ≈ 3 Myr and is the only star below the age
limit as seen in Fig. 4.
Fig. 5 shows GB candidates for all stages: Stage 1,
Stage 2, Stage 3 and member. 35 Stage 1 candidates
which only passed the Galactic position criterion are
represented by blue circles, 7 Stage 2 candidates which
passed the Galactic position and distance criteria are
denoted by green circles, 39 Stage 3 candidates which
passed Galactic position, distance and X-ray luminos-
ity criteria are shown with purple circles and finally
10 members who meet all criteria are given in big red
circles.
3 Properties of GB members
In this section we discuss the 10 stars, which meet
all four aforementioned GB membership criteria, i.e.
GB members. Their Galactic coordinates, RAVE and
XMM catalogue identifiers, distances, X-ray luminosi-
ties in the 0.2-12 keV energy band and ages and the
errors for these three parameters are given in Table 1.
3.1 Evolutionary status of GB members
The Hertzsprung-Russell (HR) diagram for the entire
XRAVE catalogue (1071 stars) is given Fig. 6. The
bands used in the axes are from 2MASS (Cutri et al.
2003) photometry because that is readily provided by
RAVE. The de-reddening procedure of J and H bands
are as follows: we used Schlegel et al. (1998)’s maps and
obtained E∞(B−V ). Then we reduced E∞(B−V ) to
Ed(B − V ) by taking into account distances obtained
from the parallaxes provided by GAIA DR2 as follows:
Ed(B − V ) = E∞(B − V )
[
1− exp
(
− | d sin(b) |
H
)]
,
(9)
where b is the Galactic latitude and d is the dis-
tance of the star, whereas H is the scaleheight for
the interstellar dust which is 125 pc (Marshall et al.
2006). E∞(B − V ) stands for the maximum theoreti-
cal colour excess at the Galaxy’s edge for that direction
and Ed(B − V ) is the reduced absorption adjusted for
distance in that direction. After obtaining Ed(B − V )
we calculated the total reddening for J and H bands
using Fiorucci & Munari (2003)’s equations:
AJ = 0.885× Ed(B − V ),
AH = 0.565× Ed(B − V ), (10)
where AJ and AH are the distance adjusted absorp-
tions in J and H bands in the direction of the star in
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Fig. 5 Galactic distribution of all 91 GB member candidates. Blue dots represent Stage 1 GB candidates, green dots
stand for Stage 2, whereas purple dots are Stage 3 and finally, the red ones represent GB members.
Table 1 Galactic positions, catalogue identifiers, distances, distance errors, X-ray luminosities in 0.2-12 keV energy band,
luminosity errors, logarithmic ages and age errors of GB members.
l b RAVEID XMMID d σd L0.2−12 σL0.2−12 log(age) σlog(age)
◦ ◦ (pc) (pc) ×1030erg s−1 ×1030erg s−1 (yr) (yr)
183.3054 -22.9945 J043225.7+130648 3XMM J043225.7+130645 46.8 0.1 0.45 0.02 7.40 0.06
195.3055 -29.2149 J043636.6+004331 3XMM J043636.5+004330 141.2 0.7 0.45 0.07 7.39 0.05
212.0724 -25.9166 J051633.7-104740 3XMM J051633.7-104735 133.1 0.5 0.27 0.11 7.99 0.75
214.8583 -26.4542 J051848.1-131732 3XMM J051848.0-131731 465.5 7.0 2.22 0.29 7.87 1.34
239.9732 -21.4176 J061515.4-325403 3XMM J061515.6-325403 151.0 0.7 0.02 0.01 7.08 0.02
253.9847 -19.4802 J064646.5-444036 3XMM J064646.6-444036 440.0 113.8 2.27 0.93 7.89 0.11
252.4563 -6.3732 J074700.5-375037 3XMM J074700.3-375036 178.2 7.1 0.07 0.05 7.90 0.26
264.8783 -7.7405 J081554.9-490555 3XMM J081554.9-490554 363.5 2.9 8.26 0.15 7.38 0.01
270.6851 -6.1511 J084526.9-525202 3XMM J084527.0-525201 150.3 0.5 0.71 0.02 7.66 0.01
282.1352 7.5193 J103851.9-495522 3XMM J103851.7-495521 597.4 10.7 1.25 0.29 7.06 0.01
question. The absorptions were used in Pogson’s equa-
tion to determine absolute magnitudes:
mJ −MJ = 5 log(d/pc)− 5 +AJ ,
mH −MH = 5 log(d/pc)− 5 +AH . (11)
After de-reddening the 2MASS photometric bands
and calculating absolute magnitudes for all XRAVE
stars, we plotted the HR diagram (Fig. 6). There are
several giants as seen in the figure, mostly confirmed
by their RAVE surface gravities. The main sequence
can be clearly observed, and the number of stars that
belong there comprise the majority of the sample. This
is expected because of RAVE’s observation criteria as it
focuses mainly on relatively bright main sequence stars
with F or G spectral types. The turnoff point is also
apparent in the figure. The 10 GB members are also
mostly main sequence as well with a few giants.
3.2 Special GB members
There are interesting objects amongst the GB members.
We provide their atmospheric parameters, i.e. effective
temperature, surface gravity and metallicity along with
their J , H and KS magnitudes in Table 2. The ”Re-
marks” column provides information about a star if it
has any peculiar features. Two of the members are
BY Dra variables, which are chromospherically active
late spectral type main sequence stars. Their effective
temperatures and surface gravities confirm this result.
One member is a high proper motion star. Another
is a member of the open cluster NGC2451, which has
an age of 30-50 Myr (Platais et al. 2001; Hu¨nsch et al.
2003), which is in agreement with our estimate of 80
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Fig. 6 HR diagram for the entire XRAVE sample. Grey
circles are non GB stars, blue circles denote Stage 1 candi-
dates, green circles are for Stage 2, whereas purple circles
represent Stage 3 and big red circles are the GB members.
The x-axis is the de-reddened (J −H)0 colour, the y-axis is
the absolute J magnitude.
Myr. This result lends credence to our ages. However,
it is unexpected to have a single member of an open
cluster in the GB, therefore, we checked XRAVE for
other NGC2451 members. We looked for its members
in WEBDA 2 and found 136 of them (Williams 1967).
Among those 136 stars only the one in the GB is in
XRAVE, and seven are in RAVE DR5. This means
the other six stars in RAVE DR5 were either not ob-
served by XMM-Newton which is likely because the GB
member is at the edge of the open cluster or are not X-
ray active. As a result, we could not check if other
NGC2451 members belong in the GB or not. However,
according to Elias et al. (2009)’s spatial criteria method
2https://www.univie.ac.at/webda/navigation.html
more than half of the members of NGC2451 are part of
the GB. This suggests that we could only find a sin-
gle member of NGC2451 in the GB, because we did
not have membership criteria related data for its other
members. Two of the GB members are well past their
turn off points and are giants, more specifically, one of
them is a subgiant and the other is a giant. Their sur-
face temperatures suggest that they are G-type stars.
Taking this into account along with their young ages, it
does not seem possible. The reason for this discrepancy
might be faulty atmospheric parameter determination
due to the RAVE pipeline as it is adjusted for main
sequence stars. A literature check has not yielded any
decisive results, neither for the two stars to be giants,
nor against it.
4 Conclusion and Summary
In this study we cross matched RAVE DR5 and 3XMM
DR8 and obtained a resulting XRAVE catalogue of
1071 stars. We looked for GB members in XRAVE. Ac-
cording to Olano (1982); Poppel (1997); Guillout et al.
(1998); Torra et al. (2000) a member of GB has to meet
four criteria as discussed in Section 2: a certain Galac-
tic position, distance less than 600 pc, X-ray luminosity
between 1028 and 1031 erg s−1 and age between 10 and
100 Myr. We applied those criteria to XRAVE and ob-
tained a sample of 10 stars that meet all of them, i.e.
that are GB members.
In order to test the GB membership criteria with an-
other method we approached the GB candidate sample
of 91 stars kinematically. U , V and W Galactic veloc-
ity components were obtained using distances and ra-
dial velocities in conjunction with radial and tangential
proper motions in Johnson & Soderblom (1987)’s algo-
rithms and transformation matrices. A detailed expla-
nation of the calculations is given by Cos¸kunogˇlu et al.
(2011, 2012). After obtaining total space velocities
Galactic differential rotation corrections were obtained
and performed for the U and V components using
Mihalas & Binney (1981)’s procedure. The W com-
ponent is not affected by Galactic differential rotation
(Mihalas & Binney 1981). Then we performed the Lo-
cal Standard of Rest (LSR) correction on the Galactic
velocity components as provided by Cos¸kunogˇlu et al.
(2011). LSR correction is required to determine veloci-
ties accurately as it describes the Sun’s movement with
respect to nearby stars (Cos¸kunogˇlu et al. 2011). Fi-
nally, the errors of Galactic velocity components were
calculated Johnson & Soderblom (1987)’s algorithm by
propagating the errors of distances, radial velocities
and radial and tangential proper motions. The median
8Table 2 Atmospheric parameters and 2MASS photometry bands’ magnitudes of GB members.
l b Teff log g [Fe/H ] MJ (J −H)0 (H −Ks)0 Remarks
(◦) (◦) (K) (cm s−2) (dex)
183.3054 -22.9945 3943 4.97 -0.31 4.58 0.53 -0.03 BY Dra variable
195.3055 -29.2149 4000 5.00 0.00 4.43 0.57 0.13
212.0724 -25.9166 5030 4.88 0.00 4.26 0.36 0.08 high proper motion
214.8583 -26.4542 7262 3.95 0.00 1.80 0.19 0.06
239.9732 -21.4176 4932 4.38 0.39 3.84 0.47 0.08
253.9847 -19.4802 5000 4.50 0.00 2.08 0.48 0.12
252.4563 -6.3732 5025 4.90 0.10 3.64 0.33 -0.14 member of NGC 2451
264.8783 -7.7405 5678 1.25 0.00 1.94 0.33 -0.06
270.6851 -6.1511 4000 4.99 0.00 4.31 0.46 -0.09 BY Dra variable
282.1352 7.5193 4925 2.03 -0.61 -0.81 0.40 -0.03
space velocity components and median total space ve-
locity and their respective errors along with the velocity
dispersions for each component and total velocity are
given in Table 3 for Stages 1, 2 and 3 and GB members.
The values in the table are in km s−1.
Upon analysing Table 3 it can be seen that every GB
criterion that was applied to XRAVE catalogue also ap-
plies a selection effect kinematically, which can be ob-
served from the decreasing space velocity dispersions in
every step. The GB members’ low space velocity dis-
persions and their low errors show that those stars have
similar kinematic characteristics. In order to demon-
strate that we plotted a Toomre diagram, which shows
the kinematical similarities or the lack thereof for star
samples, of the entire XRAVE sample (Fig. 7). Every
step reduces the scatter of stars in the diagram notice-
ably and ultimately yields a very narrow interval for
the GB members (red circles in Fig. 7), which verifies
the dispersion decrease in Table 3. This points out that
GB can be detected kinemetically as well, however, the
lack of number of stars in the sample prevents the de-
termination of a distinguishable feature. This can be
countered by working with larger samples and thus ob-
taining bigger samples of GB members. After that is
done kinematical constraints can be determined for the
GB.
Our analyses show that there are 10 GB members
which appear in both RAVE DR 5 and 3XMM DR 8
catalogues. We tested our subsample photometrically
and kinematically. Our findings indicate that the 10
stars are part of a single structure. The majority of
the members are regular F or G spectral type main
sequence stars as expected from RAVE’s selection cri-
teria. There are two BY Dra type variables which are
chromospherically active stars. A NGC2451 open clus-
ter member and two giants also belong in the member
subsample. As giants of F or G spectral type need to
be at least billions of years old it is possible that faulty
Fig. 7 Toomre diagram for the entire XRAVE sample.
Grey circles are non GB stars, blue circles denote Stage 1
candidates, green circles are for Stage 2, whereas purple cir-
cles represent Stage 3 and big red circles are the GB mem-
bers. The x-axis is the VLSR, the y-axis is
√
U2
LSR
+W 2
LSR
both in km s−1.
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atmospheric parameter detection threw off the calcula-
tions. We also found that a kinematical GB member-
ship test can be derived with a large enough GB mem-
ber sample. If such a test would exist it would help in
defining the GB better and more precisely. Comero´n
(2001) also remarked that the GB’s inclination to the
Galactic plane might show up as a systematic pattern
in the radial velocities of the HII regions, which would
help in deriving the aforementioned kinematical mem-
bership test. In order to obtain such a sample larger
spectroscopic surveys such as Mauna Kea Spectroscopic
Explorer (MSE) used in conjunction with future data
releases of GAIA are required.
Acknowledgements
We would like to thank Dr. Sinan Alis¸ for his numerous
contributions towards improving the paper. Also, we
9Table 3 Median space velocities and their respective errors and dispersions of 91 Stage 1, 56 Stage 2, 49 Stage 3 candidates
and 10 members. All velocities are given in km s−1.
˜ULSR ˜VLSR ˜WLSR ˜SLSR ˜UErr ˜VErr ˜WErr ˜SErr σULSR σVLSR σWLSR σSLSR
Stage 1 -29.81 -30.26 -14.14 57.55 1.46 1.41 0.82 2.48 227.64 306.03 492.95 605.07
Stage 2 -31.26 -30.58 -14.31 54.33 1.20 1.11 0.75 2.32 82.71 84.39 41.13 108.17
Stage 3 -22.50 -32.44 -14.83 48.90 1.10 1.00 0.71 2.16 100.16 33.01 49.41 107.41
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